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[57] ABSTRACT 

A method and apparatus for routing traffic in a circuit 
switched network. A call between two nodes intercon- 
nected by a direct link is first offered to the direct route, 
and if that is blocked it is offered to a currently nomi- 
nated two-link alternative route between the two nodes. 
If that route is busy, the call is lost, and a randomly 
chosen two-link route is assigned to be the new current 
nominated alternative rou te. The strategy is particularly 
effective becauseTit is simple, available routes are 
quickly located and once one available route is found, 
that same route is used for rerouting further calls until it 
is full. Trunk reservation protection is applied on alter- 
native routes. 

27 Claims, 2 Drawing Sheets 




01/09/2003, EAST Version: 1.03.0002 




01/09/2003, EAST Version: 1.03.0002 



U.S. Patent Aug. 29, \m sheet 2 of 2 4,862,496 



TRUNK EXCHANGE 



TRUNK EXCHANGE 
A jL' 



PROC. P 







f \ > 







TRUNK EXCHANGE 
C 



TRUNK 
EXCHANGE B 



^ P 




LOCAL EXCHANGE L 




01/09/2003, EAST Version: 1.03.0002 



4,862,4% 

1 2 

* - for these strategies can be relatively large, particularly 

ROUTING. OF NETWORK TRAFFIC for the more sophisticated ones. 

According to a first aspect of the present invention 
FIELD OF THE INVENTION there is provided a method of routing traffic in a circuit 
- vV "-. The present invention relates to telecommunications 5 bitched network, comprising offering calls between an) 
networks and methods. In particular itrelates to routing or^mnode^and a destinat^ojejo^one or more pre- 
traffic in a circuit-switched network with full or multi- fe^f^Toutes, and if the said preferred routes are not 
" ' pie interconnection. available, offering at least one alternative route, 
. wherein calls are offered to one or more current nomi- 
- BACKGROUND AND SUMMARY OF THE 10 nate d alternative routes until such route is not available, 
INVENTION at which point the said current nominated alternative 
With the introduction of new switching technologies route is changed, 
in. recent years, it is no longer necessary for telephone In accordance with the first aspect of the present 
: traffic (or voice and data traffic on an integrated net- . invention there is provided a simple and efficient rout- 
work) to be routed along a fixed origin-destination 15 ing scheme in which blocked calls on a first choice 
route. One of the early steps towards more flexible route are directed to a current nominated alternative 
routing was the introduction of auto matic alternative : route, the same alternative route being chosen until 
routing, which allows traffic on overloaded direc t such route is no longer available. The current nomi- 
; r outes to""~be Tcli verted via alternativ e, pre-assigned. nated alternative route is then changed in a way which 
routes. The introduction of stored program controlled 20 is random in the sense that the search technique does 
(SPC) exchanges and common channel signalling have no t restrict unduly the patterns of routing that can . 
opened up the possibility of increased flexibility. emerge, taking into account the various alternative 
A nu mber of routing strategies have been putJak routes used by different source-destination pairs. In 
ward. liTa strategy proposed by Bell-Nortnern Re- particular, it is desirable that the search technique used 
searcE, calls are routed directly if possible; if not they 25 should not bias the routing pattern that emerges 

• are routed on .an alternative two link path recom- towards any predefined routing pattern and/or away 
cnaWl i^r- mended by a central processor^ The central processor from pattern wn i c h might under certain network 

. chooses the recommended path probabilistically with a operating conditions be desirable. Thus a choice may be 

probability proportional to the number, of free circuits _ made the var ious available alternative routes 
on each route after subtracting a reserved number of 30 accordm to for example) a stochastic, pseudo random, 

circuits (a trunk reservation parameter). Each exchange Qr ^ Uc mecnanism< 

is linked to the central processor aml^ini^ ^ ^ mvention ^ ides a p paratus for 

avadabwtrto.^ 10 sec^ routin through a circuit-switched network com- 

; onds, For large networks, the amount of mfonnation ^ * ^respective nodes, each processor 

received by thecentral processor each 5- 0 second 35 BP ^ * 

penod is large. The central processor decides on alter- * , y ^ ^ A . . . m ^^ A . ,^„^ c ot . A „„ t 

v « v ■ ~* ■ > , ( ;- „*u preferred routes and if said preferred routes are not 

native routes for calls on the basis of mfonnation gath- y , , «. . u ^ , A , A „ +M „,u™;„ M \u 

, - u *c available, offering alternative routes wherein calls are 

ered on average about 5 seconds ago. »t»«m«*i v e 

Another similar system, proposed by Forestier and offered to one or more current nominated alternative 

Lottm.avoi^ 40 routes until such route is not .available, at ; which point 

communicate with one another to find the least con- *e ^ d current "°™ed alternative route is changed. 

. gested alternative route for traffic. Again, thereisdelay BRIEF DESCRIPTION OF THE DRAWINGS 

in gathering this information and the system is complex. . iJ? ^. 

U.S. Pat No, 3,536,842 discloses a telephone network A number of preferred embodiments of the invention 

in which a history record is kept of the success or failure 45 will now be described with reference to the accompa- 

. of calls extended over a trunk route to each terminating n y in S drawings, in which: 

office that is reached via that route. The history record FIG. 1 is a schematic diagram of a fully ^ercon- 

is consulted on subsequent calls, and used to affect deci- .. nected five node network with link capacities labelled; 

sions as to choice for route for subsequent calls. In the FIGS. 2 and 3 are schematic diagrams of the same 

method disclosed in that Patent, the history record is a 50 network with two possible patterns of unidirectional 

complex one, which carries information relating to the offered traffic; 

' relative success history of each route to each destina-. FIG. 4 is a schematic diagram of an alternative net- 

tion. When a first preferred trunk route fails, the next work which is not fully interconnected, and 

best trunk route is selected from the history record: FIG. 5 is a schematic diagram showmg the routing of 

This approach appears attractive at first sight, but in 55 international calls, 

practice results in a need for very substantial processing DETAILED DESCRIPTION 
capability at each node, and the processing overhead 

involved can lead to a loss of calls in a heavily loaded Referring first to FIG. *1, suppose the exchange at 
1 network. ~ " : node 1 has a call for node 2, but the direct route :be- 
Further work, largely theoretical, proposes various 60 tween the two nodes is busy. The exchange at node 1 
V : . decentralised routing strategies, referred to as learning maintains a record (set) of the three; alternative two- 
automata. In one of the simplest of them, the probabili- link routes that are. available, via nodes 3, 4 and 5 re- 
ties of success for a call along each possible, path are spectively, and maintains a record of which of these 
updated after every call has been processed. If there are three alternative routes is the current nominated alter- 
r routes from exchange i to exchange j, the r routes will 65 native route (this will normally be the last used alterna- 
be attempted in a random order with changing probabil- tive route, unless the previous overflowing call was 
ities. Many such schemes, may be more sophisticated blocked). Trunk reservation is used on each link. With- 
than this. The amount of processing capacity required out trunk reservation, a link could become very busy 
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with alternatively routed calls, causing calls which 
would otherwise be directly routed along the link to be 
re-routed over two-links (or blocked), which is undesir- 
able on cost and other grounds. Trunk reservation is a 
widely used technique and will not be described in 
detail here. The exchange at node 1 then checks 
whether the current nominated alternative route be- 
tween nodes 1 and 2 has any available circuits, after 
subtracting the trunk reservation parameters for the 
two links from the actual number of free circuits for 
those links. For example, the current nominated route 
may be via node 5. The capacity of the link between 
nodes 1 and 5 is 125 circuits and its trunk reservation 
parameter (TRP) is, say, 10. Node 1 stores these figures 
and also the number of circuits currently in use. The 
link between nodes 1 and 5 is available for alternative 
routing if the sum of the circuits in use and the TRP is 
less than 125. 
In order to find whether the second link between 



10 



15 



example so as to choose the best possible route each 
time re-routing is necessary. Development and imple- 
mentation costs are high for such strategies and yet 
performance of the simple system described above has 
been found generally to be at least as good. 

The above example involved a very small network of 
five nodes; in most applications there will be far more, 
but the method may be operated in the same way. 

In a fully interconnected network with N nodes, a 
call may arise between nodes i and j (i, j = 1,2, ♦ . ♦ 
,N,i^j). The call is offered first to the direct link (ij), 
but if all the circuits on this link are in use then the call 
is offered to the current alternative route, through node 
k(ij). The alternatively routed call is only accepted if 
doing so leaves at least t(i,k(ij)) circuits free on link 
(i,k(tj)) and t(kftj),j) circuits free on link (k(ij)j). If the 
call is accepted on the alternative route, the indicator 
k(ij) is left unaltered and calls continue to be offered to 
this route whenever alternative routing is necessary. If 



node 5 and 2 is available, node 1 sends a message to 20 the call ils not accepted on the alternative route, then 



node 5. Node 5 includes processing means which holds 
details of the capacity of the link between nodes 5 and 
2 (100 circuits), the TRP (10) of this link, and the num- 
ber of busy circuits on the link. Again, the link is avail- 
able if the capacity exceeds the number of busy circuits 25 
and the TRP. A message is transmitted by node 5 to 
node 1 to indicate whether or not the link is available. 
This message need be only a single bit in length. 

If both links are available, the call is routed via node 
5. For as long as there are available, circuits on the 30 
route via node 5, this alternative route is chosen. In a 
preferred embodiment of the invention, if the current 
nominated alternative route is not available for a call 
then the call is lost, and the next time a call overflows _ 
from link (1, 2) it is offered either to any one of the 35 
two-link routes via nodes 3, 4 and 5, or, if desired, to one 
of such two-link routes, but not the one which has just 
overflowed (i.e., the call is offered only to one of the 
two-link routes via node 3 or node 4). 

The choice among the three alternatives routes (i.e., 40 
the replacement nomination for the unavailable current 
nominated alternative route) may be made in accor- 
dance with any desired criteria and need not be 
weighted in accordance with a history , record of each 
alternative route. The newly chosen alternative route is 4-5 
then nominated as the current alternative route, to 
which subsequent calls not capable of direct routing are 
offered. 

In an alternative embodiment of the invention, if the 
current nominated alternative route is not available for 50 
a call, the same call is offered to a new alternative route, 
and again the current alternative route is updated. 

This method has been found to be highly successful 
and it has three advantages over prior art systems. First, 
th e strategy for selecting alternative routes is a very 55 
simple one^wjuch can be easily implemented and use s 
only a smaU^mount of processor time . Secondly, there 
is no significant delay between checking whether a 
route is available and assigning a call to the route so the 
information used is always up-to-date. Thirdly, suitable 60 
routes are pinpointed and once they have been used 
successfully once, they continue to be used whenever 
calls cannot be routed on direct routes, until they are 
full (allowing for trunk reservation). Thus, it is neces- 
sary to find a new alternative route relatively infre- 65 
quently. That the results are so satisfactory from such a 
simple system is very surprising; the trend has been to 
develop more and more sophisticated strategies, for 



the call is lost and the indicator k(ij) is reset to a value 
chosen at random from the set {1,2, ... ,N}-{i,j}. 

To illustrate the high performance achieved by the 
scheme described above, consider the network of 
FIGS. 1 to 3 where the number of nodes N is 5. The 
trunk reservation parameter is 10 for all links, ie 
t(ij)= 10, for all pairs (ij). These parameters are chosen 
so that if direct traffic alone would receive a grade of 
service or 3.75% from a link then the grade of service 
received by direct traffic when that link is used as part 
of alternative routes is no worse than 7.5%. 

FIG. 2 shows a possible offered traffic pattern for the 
network of FIG. 1. Note that the traffic offered to links 
(1,2) and 4,5) is higher than can reasonably be accom- 
modated by direct routing over those links. However, 
by comparing the offered traffic with the capacities 
indicated in FIG. 1 and allowing for a TRP of 10, it can 
be seen that there is spare capacity along the routes 1 - 
3 - 2 and 4-1-5. If this mismatch of offered traffic and 
capacity could be predicted in advance then it would be 
possible to designate 1-3-2 and 4 - 1 - 5 as alternative 
routes for overflow traffic from links (1,2) and (4,5) 
respectively. The aim of the p resent dynamic routing 
method is automatically to seek to such beneficial pat- 
terns or carried traffic as offered tr affic, and possibly 
capacity, varies : 

1 able 1 shows values calculated in a computer simula- 
tion of the network of FIG. 1 for grades of service 
received by the various offered traffic streams and the 
patterns of carried traffic using the method outlined 
above under the offered traffic pattern shown in FIG. 2. 
Table I shows that %% of the traffic between nodes 1 
and 2 is routed via node 3, and 9% of the traffic between 
nodes 4 and 5 is routed via node.l. The method in accor- 
dance with the invention has effectively found and 
utilized the spare capacity along the alternative routes 1 
-3-2 and 4-1--- 5. 

TABLET 



Source 
Destination 
Pair 



% of calls 
routed 
directly 



% of calls routed via 
tandem nodes 1-S 



calls 
lost 



1-2 
1-3 
1-4 

1- 5 

2- 3 
2-4 
2-3 



S4 

100 
100 
100 
100 
97 
98 



— _ 8 



— 1 



2 2 

0 0 

— 0 
0 - 
0 0 

— 0 
0 - 
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TABLE I-continued 



Source 


% of calls 


% of calls routed via 




%of 


Destination 


routed ■ 


tandem nodes 1-5 




calls 


Pair 


directly 


I . 2 


3 


4 


5 


lost' 


3-4- 


98 


1 0 






0 


1 


3-5 


• 98 


1 0 




0 




1 


■ 4-5 . 


85 


. 9 0 


I 






5 



Overall blockings 1.9%. 

Table II gives the corresponding estimates for the 
offered traffic pattern shown in FIG. 3. In this case 
useful extra capacity has been found between nodes 3 
and .4, via node 1, which carries 9% of the traffic be- 
tween nodes 3 and 4. 
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TABLE II 



15 



Source , 


% of calls 




% of calls routed via 




% of 


Destination 


routed. 




" tandem nodes 1-5 




calls 


Pair 


directly'. 


I 


2 


"3 


.4 


5 


lost 


1-2 


98 






2 


0 


0 


0 


1-3 


100 




0 




0 


0 


0 


1^ 


100 




0 


0 




0 


0 


1-5 


100 . 




0 


0 


0 




0 


2-3 


100 


0 






0 


0 


0 


2-4 


97 


r 




0 




0 


2 


2-5 


97 / 


i 




1 


0 




2 


3-4 


'83 


9 


2 






1 


5 


3-5 


98 


1 .■ 


0 




0 




1 


4-5 


. 98 


2 


0 


0 






I 



20 



25 



30 



Overall blockings 1.2%. 

(Percentage within the tables are estimated to the 
nearest per cent Thus 100 indicates a percentage value 
above 99.5% while 0 indicates a percentage value 
below 0.5%). 

The above estimates illustrate the scheme's perfor- 
mance for a very simple network and for just two par- 35 

, ticular patterns , of offered traffic; dynamic routing 'as 
described in this example can perform similarly for a 

I wide range of asymmetric and symmetric networks and 

\ over a wide range of overbad conditions. 

In the computer simulation used to generate Tables II 40 
and III, the search for a. new alternative route between 
two. nodes when the current nominated alternative 
route has failed on the previous call takes place stochas- 
tically through all alternatives. Once a suitable alterna- 
tive route has been found it is used repeatedly for re- 45 
routing so that routes used successfully are re-used. 
Moreover, for the network as a whole, the random reset 
procedure searches stochastically through the space of 
alternative routing patterns, with a bias towards espe- 
cially beneficial patterns of carried traffic. It is believed 
that the fact that such a simple scheme can perform so 
weir is related to features , of the transient response of 
large circuit-switched networks. 



50 



In many networks, it may be satisfactory for all routes 
to have an equal probability of being chosen. However, 55 there will be two or more direct routes for calls from an 



network) will still be random. This is. because even 
when a cyclic list is used, the movement through the list 
is randomly driven by the call arrival processes, which 
are of their nature stochastic. 

In some networks, one particular link may have much 
larger offered traffic and capacity than associated links. 
This can create problems if there is a large overflow 
from the high capacity link say link (i,j), since, for exam- 
ple, an intermediate or tandem node selected for rerout- . 
ing as described above may. have to deal with large 
number of calls in quick succession. To overcome this in 
a further preferred embodiment of the invention, a sub- . 
set of s possible two-link alternative routes is chosen 
from the N alternative routes available. These s two- 
link alternative routes each constitute a current alterna- 
tive route, and the s current alternative routes are used 
in cyclic fashion; A small number s (s<N) of indicators 
(ki, k2, . . . , k s ) is used, together with a pointer, which 
is an element of the set {1,2, . . . s}. If a call is blocked 
on the direct link (i j) it is rerouted on the alternative 
route through node k r , if that route is available taking 
into account trunk reservation. If that.route is not avail- 
able the call is lost and the indicator k r is replaced by a 
value chosen from the set {1,2, ... , N}— {i, j}. Whether 
or not the alternative route through node k r is available 
the pointer r is updated to r(mod s) -ft. Thus if a se- 
quence of calls is blocked on the direct link (i, j) they are 
offered, in cyclic fashion, to the alternative routes, 
through nodes (ki,k2,..,k,). When an alternative route 
within the cycle is found unavailable its place within the 
preferred subset of tandem nodes. (ki,k2. . . Ms) is taken 
by another route through. an alternative tandem node, 
and the cycle continues. Note that the cycle may in- 
clude two or more incidents of a particular route so 
some routes may carry more than 1/s of the overflow 
traffic. 

The method has been described for a network which 
is fully-interconnected, but it can readily be adapted for 
a network which is not fully-interconnected. Two sim-. 
pie alternative adaptations are as follows: 

(i) to implement the method as described with a miss- 
ing link treated as a link of capacity zero. Traffic for a 
source-destination pair corresponding to such a link 
would automatically be offered to a two-link route - the 
one used previously if the last such attempt had been 
successful, and a randomly chosen two-link route other- 
wise. 

(ii) to replace a missing link by a virtual link, con- 
structed by reserving a number of circuits on one or 
more two-link paths. This would result in a network of 
virtual links which is fully-interconnected. 

In certain circumstances, for example if a local ex- 
change is interconnected with two m?in exchanges, 



in other networks there is preferably a bias towards or 
against certain routes. For example, certain routes may 
be especially likely to have spare capacity, or some 
alternative routes may be forbidden. Probabilities for 
the alternative routes can be chosen accordingly. 60 

In the above example, each time that the current 
alternative route for a particular source-destination pah- 
was reset, the choice of a new current alternative route 
. was made randomly or stochastically. It will be noted 
. however, that, even if each individual choice is made by 65 
a pseudo-random or cyclic mechanism, the overall rout- 
ing pattern (i.e. the entire collection of current alterna- 
tive routes used by all the source destination pairs in the 



exchange. In accordance, with a further preferred em- 
bodiment of the invention, if one direct route is blocked 
the call is offered to each other direct route. The order 
in which the call is offered to the "direct routes may be 
determined in accordance with any desired criteria, for 
example a pre-defined order may be utilised. Only if all 
direct routes are blocked is. an alternative indirect route 
selected. 

FIO. 4 illustrates the use of the method in accordance 
with the invention in such a network. In FIG. 4, node A 
. is the origin node, and node L the destination node. As 
shown in. FIG. 4, nodes A, B, C and D are trunk ex- 
changes, and node L is a local exchange, each of which 
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is a stored program controlled exchange having a re- namic choice list held at the source node for each desti- 
spective processor P. Node L is connected to two trunk nation node. Each pointer may step through the dy- 
exchanges B and C. Calls from trunk exchange A to namic choice list in accordance with different rules. For 
local exchange L therefore have two preferred main example, if the number of times in the dynamic c hoice 
network routes, via nodes B and C. If these are both 5 list is a prime number, it may be desirable to arrange for 
busy, a third choice is used via the current nominated eacn pom t e r to step through the list with a different 
alternative (i.e. indirect) route. In the embodiment illus- increment. 

trated the currently nominated alternative route is via pj G 5 illustrates an alternative aspect of the inven- 
tandem node D. A routing table is held at node A, ^ which is app ii ca ble to the routing of international 
which holds values defining the sequence in which calls lo caUs from a tnnik exch a n ge T to a foreign destination R 
are offered to the available choices of route. Table III is ^ tT]mk exchange is connected to a number of possi- 
an example of a suitable routing table showing the se- ble international gateway exchanges I, each of which 
quence of preferred routes, and trunk reservation pa- ^ ft rQute tQ ^ fQrei countries> 
rameters at node A for calls to node L. ^ Qf ^ F) ^ j comprising m SPC exchange 

TABLE III 15 having a respective processor P. In this case, there 

exists no direct or preferred route from the trunk ex- 
change to the foreign destination. This case may be 
likened to the case illustrated in FIG. 1, but in which the 
20 direct route between the source and destination nodes 
has a capacity of 0. In this aspect of the invention, the 
last used route through a particular gateway is the cur- 
Each call offered from node A to node L first attempts rent nominated route, and continues to be used, until 
connection via node B. Because this is the most pre- tnat route becomes unavailable. At this point, another 
ferred route, the trunk reservation parameter is 0. 25 gateway ^ selected of the five available. The selection 
If the route via node B is not available, connection via may be carried out according to any desired criteria, for 
node C is attempted. In the example illustrated, the examp i e at ran dom, cyclically, or according to fixed 
trunk reservation parameter on route 2 via node C is 3, weighting criteria, such ^ cost criteria. The new route 
indicating that this route is slightly less preferred than b made ^ current nominatcd alternative route, and 

route I. . L . . _ _ , 30 future calls to the foreign destination are routed via that 

If connection is not possible via either of preferred ^ ^ rQute ^ ^ bcCQmes 

routes I or 2, an alternative route is attempted via the Acc ordingl y , m a ^ cct c f the invention, 

current .nominated alternative route • « there is provided a method of routing traffic inacircuit 

node D in Taale III), From node D, only the two direct . . *; ^ . «• ■ n u * 

routes are used, via nodes B and C respectively, the „ switche ^ network comprising ofTermg calls between an 
route via node B being tried first. 35 node f d a lunation node to one of a p urahty 

It will of course be understood that FIG. 4 illustrates of routes ' ^ « offered t0 * c u urrent n ° mi ; 

only a small part of a large network comprising many **** route such rou <f 15 not « whlch 

nodes, for example nodes E, F, etc., as illustrated in ?oint the current nominated route is changed. Again, in 
Table IV. a preferred embodiment of the aspect of the invention 

40 just described, a call is lost if circuits are not free on the 

TABLE IV current nominated route. In alternative embodiments 

Dynamic choice list however, a call blocked on the current nominated route 

may be offered to one or more further alternative 
routes, the current nominated route being changed 
P ^ * 5 whenever the current nominated route is unable to 

E accept a call. 

F In practice we have found that in many networks, 

there is little advantage to the network in offering calls 
to further alternative routes, and the additional process- 
— ing necessary results usually in an undesirable sacrifice 

If a call attempted via node D fails due : to congestion, of ^g**J- ^ ferablc fof efficicnt nctwork 

then node D is replaced in the routing table by a new . ' 6 » * ^ i ^ 

. i f j r . i •« . * j\ „ operation for a call at a particular source node n to a 

tandem node (node E in the example illustrated) se- r ; . , i t k - f lL c 4 u ■ 

lected from a dynamic choice list In the embodiment 55 ***?™ t l [ the first 

illustrated in TaAble IV, the choice of the next node to ™f * When * e n< f ?™ ves at f 

try is made cyclically, simply by stepping through the no <* * for the same destination node, the availability of 
subsequent available tandem nodes defining the various direct route to the destination node is checked (or 

alternative routes in sequence. «« h of me direct routes lf ^ cal1 can be directl y 

In alternative embodiments however choice as to the 60 routed via two or more alternative nodes). If a direct 

next node to select from those available may be made by route to the destination node is not available, the cur- 

a truly random or pseudo-random method, or by choos- rent nominated alternative route is tried. If, because a 

ing to step through the dynamic choice list in some call has failed, it is decided to change the current nomi- 

other predefined sequence. nated alternative route, then a selection is preferably 

An example of this arises when it is desired to utilise 65 made amongst all the available alternatives, including 

the same dynamic choice list for a number of destination the route offered to the previous call (which was 

nodes from a given source nodes. In such a case, it may blocked). Alternatively, the route which was unavail- 

be desirable to allocate a different pointer to the dy- able for the last call can be excluded from the search. 
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Trunk reservation is advantageous as, for example, it 
ensures that direct links are unlikely, to become blocked 
with alternatively routed calls, thus forcing calls which 
could otherwise be routed directly on the links to be 
routed on alternative two .link .routes. However, it is 5 
possible to use different methods to achieve similar 
results, although again simplicity may be sacrificed. 
- It will of course be appreciated that a wide range of 
other specific implementations may be realized, within 
the scope of the appended claims. . 10 

In particular it will be understood that the term cir- 
cuit switched network as used herein is intended to 
mean any network in which calls are allocated at their 
outset to a particular route, and the term is intended to 
include within, its scope networks comprising virtual 15 
circuits, for example networks in which no fixed band- 
width is allocated, to each call on its chosen route, for 
the duration of the call, but the route is itself fixed. 

It will be understood also that the method in accor- 
dance with the invention may be used not only in the 
routing of calls for which the origin and destination 
nodes indicated above correspond respectively with the 
exchanges of the calling and originating subscribers, but 
also in cases where either or both of the origin and ^ 
destination nodes are simply intermediate nodes on a 
more complex overall route. 

We claim: 

1. A method of routing traffic in a circuit-switched . 
network, said method comprising: 3Q 

offering calls between an origin node and a destina- 
tion node to one or more pre-assigned preferred 
routes, and .. . . 

if the or each of said one or more preferred routes is 
not available;: offering said calls to at least one 35 
alternative route, wherein calls continue to be of- 
fered to one or more current nominated alternative 
routes until the or one of said current nominated 
alternative routes is not available, at which point a 
replacement nomination for the unavailable cur- 49 
rent nominated alternative route is made, from a set 
of alternative routes to the destination node, 

said current nominated alternative route being an 
alternative route which the origin node immedi- 
ately offers to a call blocked on the pre-assigned 45 
preferred route. 

2. A method of routing traffic in a circuit-switched 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one or more preferred routes, and 50 

if the or each of. said one or more preferred routes is 
not available, offering at least one alternative route, 

wherein calls are offered to one , or more current 
nominated alternative routes until the or one of said 
current - nominated alternatiye routes is not avail-. 55 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of alternative routes to the desti- 
nation node, . 

wherein a call between ah origin node and a destina- 60 
tion node which is blocked on the said one or more 
preferred routes: is offered to only one current 
nominated alternative route, and if the said one 
current nominated. alternative route is not avail- 
able,- the call is lost, and the replacement nomina- 65 

, tion is made. 

3. A method of routing traffic in a circuit-switched 
network, comprising: 



offering calls between an origin node and a destina- 
tion node to one or more preferred routes, and 

if the or each of said one or more preferred routes is . 
not available, offering at least one alternative route, 

wherein calls are offered to one or more current 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of alternative routes to the desti- 
nation node, 

wherein calls between an origin node and a destina- 
tion node which are blocked on the said one or 
more preferred routes are offered to a first current 
nominated alternative route, and if the said first 
current nominated alternative route is not available 
said replacement nomination is made, and said calls 
are offered to a second current norninated alterna- 
tive route. 

4. A method of routing traffic in a circuit-switched 
network, comprising: 

offering; calls between an origin node and a destina- 
tion node to one or more preferred routes, and 
. if the or each of said one or more preferred routes is 
not available, offering at least one alternative route, . 

wherein calls are offered to one or more current 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of alternative routes to the desti- 
nation node, 

wherein successive replacement nominations are 
made by stepping cyclically through the set of 
alternative routes. 

5. A method of routing traffic in a circuit-switched 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one or more preferred routes, and 

if the or each of said one or more preferred routes is 
not available, offering at least one alternative route, 

wherein calls are offered to one or more current 

. nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of alternative routes to the desti- 
nation node, 

wherein a set of current nominated alternative routes 
is chose, and each successive call which is blocked 
on said one or more preferred routes is offered to a 
respective cyclically selected member of the set, 
and wherein if the respective member to which a 

. call is so offered is not available, that member is 
replaced in the set of current nominated alternative 
routes by a said replacement nomination. 

6. A method of routing traffic in a circuit-switched 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one or more preferred routes, and 
. if the or each of said one or more preferred routes is 
. not available, offering at least one alternative route, 
wherein calls are offered to one or more current 
. nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
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is made from a set of alternative routes to the desti- 
nation node, 

wherein the or each of said one or more preferred 
routes is a single link route and the alternative 
routes are two-link routes. 5 

7. A method of routing traffic in a circuit-switched 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one or more preferred routes, and 

if the or each of said one or more preferred routes is 10 
not available, offering at least one alternative route, 

wherein calls are offered to one or more current 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 15 
the unavailable current nominated alternative route 
is made from a set of alternative routes to the desti- 
nation node, 

wherein links between pairs of nodes are assigned 
respective trunk reservation parameters, and an 20 
alternative route is available if, for each link of the 
route, the sum of current traffic and trunk reserva- 
tion parameter is less than the capacity of the link. 

8. A method of routing traffic in a circuit-switched 
network, comprising: 25 

offering calls between an origin node and a destina- 
tion node to one or more preferred routes, and 

if the or each of said one or more preferred routes is 
not available, offering at least one alternative route, 

wherein calls are offered to one or more current 30 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of alternative routes to the desti- 35 
nation node, 

wherein the replacement nomination is made such as 
to give equal weight to each of the said alternative 
routes. 

9. A method of routing traffic in a circuit-switched 40 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one or more preferred routes, and 

if the or each of said one or more preferred routes is 
not available, offering at least one alterative route, 45 

wherein calls are offered to one or more current 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 50 
is made from a set of alternative routes to the desti- 
nation node, 

wherein the replacement nomination is made on the 
basis as to which route is intrinsically likely to be 
available. 55 

10. A method as claimed in claim 1, wherein the 
replacement nomination is made by a stochastic, pseu- 
do-random or cyclic mechanism. 

11. A method of routing traffic in a circuit-switched 
network, said method comprising: 60 

offering calls between an origin node and a destina- 
tion node to one of a plurality of routes, 

wherein calls are and continue to be offered to one or 
more current nominated routes until the or one of 
said current nominated routes is not available, at 65 
which point a replacement nomination for the un- 
available current nominated route is made from a 
set of said routes, 



a current nominated route being an alternative route 
which the origin node immediately offers to a call 
blocked on previously offered routes. 

12. A method of routing traffic in a circuit-switched 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one of a plurality of routes, 

wherein calls are offered to one or more current 
nominated routes until the or one of said current 
nominated routes is not available, at which point a 
replacement nomination for the unavailable cur- 
rent nominated route is made from a set of said 
routes, 

wherein if a call between an origin node and a desti- 
nation node is blocked on the or a first of said one 
or more current nominated routes, the call is lost, 
and said replacement is made. 

13. A method of routing traffic in a circuit-switched 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one of a plurality of routes, 

wherein calls are offered to one or more current 
nominated routes until the or one of said current 
nominated routes is not available, at which point a 
replacement nomination for the unavailable cur- 
rent nominated route is made from a set of said 
route, 

wherein if a desired call between an origin node and 
a destination node is not available on a first current 
nominated route, the call is offered to only one 
other current nominated route, and if the said other 
current nominated route is not available, the call is 
lost 

14: A method as claimed in claim 11, wherein if a 
desired call between an origin node and a destination 
node is not available on a first current nominated route, 
the call is offered to a second current nominated route, 
and if the said second current nominated route is not 
available, the said call is offered to a third current nomi- 
nated route. 

15. A method of routing traffic in a circuit-switched 
network, comprising: 

offering calls between an origin node and a destina- 
tion node to one of a plurality of routes, 

wherein calls are offered to one or more current 
nominated routes until the or one of said current 
nominated routes is not available, at which point a 
replacement nomination for the unavailable cur- 
rent nominated route is made from a set of said 
routes, 

wherein successive replacement nominations are 
made by stepping cyclically through the set of 
alternative routes. 

16. A method as claimed in claim 11, wherein a set of 
current nominated routes is chosen, and each successive 
call is offered to a respective selected member cycli- 
cally of the set, and wherein if the respective member to 
which a call is so offered is not available, that member 
is replaced in the set of current nominated routes by a 
said replacement nomination. . 

17. A method as claimed in claim 1, wherein the 
circuit-switched network is a virtual circuit network. 

18. A method as claimed in claim 11, wherein the 
circuit-switched network is a virtual circuit network. 

19. Apparatus for routing traffic through a circuit- 
switched network comprising: 

a plurality of processors at respective nodes, 



01/09/2003, EAST Version: 1,03.0002 



13 



4,862,496 



14 



10 



the said processors being adapted to offer calls be- 
tween their respective node and a destination node 
to one. or more pre-assigned preferred routes and, if 
the one or each of said one or more preferred 
routes is not available, offering alternative routes, 

wherein calls are offered to one or more current 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able,, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made form a set of said alternative routes to the 
. destination node, 

said current nominated alternative route being an. 
alternative route which the origin node immedir 
ately offers to a, call blocked , on the pre-assigned 15 
preferred route. 

20. Apparatus for routing traffic through a circuit- 
switched network comprising: . 

a plurality of processors at respective nodes, 

the said processors being adapted to offer calls be- 20 
tween their respective node and a destination node 
to one or more preferred routes and if the one or 
each' of said one or more preferred routes is not 

: available, offering alternative routes, 

wherein calls are offered to one or more current 25 
nominated alternative routes until the or one of said 

. current nominated alternative routes, is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of said alternative routes to the 30 
destination node, 

wherein, each processor is adapted to offer a call 
which is blocked on the said preferred routes to 
only one current nominated route, and if the said 
current nominated route is not available, the call is 35 
lost, and said replacement nomination is made. 

21. Apparatus for routing traffic through a circuit- 
switched network comprising: 

a plurality of processor at respective nodes, 
the said processors being adapted to offer calls be- 40 
. tween their respective node and a destination node 
to one or more preferred routes and if the one or 
each of said one or more preferred routes is not 
available, offering alternative routes, 
wherein calls are offered to one or more current 45 
nominated alternative routes until the or one of said . 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of said alternative routes to the 50 
destination node, 
wherein the or each of said one or more preferred 
. routes in a single link route and the alternative 
routes are two-link routes. 

22. Apparatus for routing traffic through a circuit- 55 
switched network comprising: ... 

a plurality of processors at respective nodes, 
the said processors being adapted to continue to offer 
calls between their respective node and a destina- 
tion node to one or more current nominated routes 60 
until the one or more of said current nominated ' 
routes is hot available, at which point a replace- 
ment nomination for the unavailable current nomi- 
nated route is made from a set of routes to the 
destination node, 
. . a current nominated route being an alternative route 
which the origin node immediately offers to a call 
blocked on previously offered routes. 
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23. Apparatus for routing traffic through a circuit- 
switched network comprising: 

a plurality of processors at respective nodes, 
the said processors being adapted to offer calls be- 
tween their respective node and a destination node 
to one or more current nominated routes until the 
one or more of said current nominated routes is not 
available, at which point a replacement nomination 
for the unavailable current nominated route is 
made from a set of routes to the destination node, 
wherein each processor is adapted to offer a call 
which is blocked on the or a first of said one or 
more current nominated routes to only one other 
current nominated route, and if the said other cur- . 
rent nominated route is not available, the call is 
lost, and said replacement nomination is made. 

24. Apparatus for routing traffic through a circuit- 
switched network comprising: 

a plurality of processors at respective nodes, 

the said processors being adapted to offer calls be- 
tween their respective node and a destination node 
to one or more preferred routes and if the one or 
each of said one or more preferred routes is not 
available, offering alternative routes, 

wherein calls are offered to one or more current 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of said alternative routes to the 
destination node, 

wherein successive replacement nominations are 
made by stepping cyclically through the set of 
alternative routes. 

25. Apparatus for routing traffic through a circuit- 
switched network comprising: 

a plurality of processors at respective nodes, 
the said processors being adapted! to offer calls be- 
tween their respective node and a destination node 
to one or more current nominated routes until the 
one or more of said current nominated routes is not 
available, at which point a replacement nomination 
for the unavailable current nominated route is 
made from a set of routes to the destination node, 
wherein, successive replacement nominations are 
made by stepping cyclically through the set of 
alternative routes. 

26. Apparatus for routing traffic through a circuit- 
switched network comprising: 

a plurality of processors at respective nodes, 

the said processors being adapted to offer calls be- 
tween their respective node and a destination node 
to one or more preferred routes and if the one or 
each of said one or more preferred routes is not 
available, offering alternative routes, 

wherein calls are offered to one or more current 
nominated alternative routes until the or one of said 
current nominated alternative routes is not avail- 
able, at which point a replacement nomination for 
the unavailable current nominated alternative route 
is made from a set of said alternative routes to the 
destination node 

wherein the said processors are adapted to nominate 
a- set of current nominated alternative routes, to 
successive calls which are blocked on said one or 
more preferred routes to respective cyclically se- 
lected members of the set, and , if a respective 
member to which a call is offered is not available* 
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to replace said respective member in the set by a 
said replacement nomination. 
27. Apparatus for routing traffic through a circuit- 
switched network comprising: 
a plurality of processors at respective nodes, 5 
the said processors being adapted to offer calls be- 
tween their respective node and a destination node 
to one or more current nominated routes until the 
one or more of said current nominated routes is not 
available, at which point a replacement nomination 10 



16 

for the unavailable current nominated route is 
made from a set of routes to the destination node, 
wherein the said processors are adapted to nominate 
a set of current nominated routes, to offer each 
successive call to a respective cyclically selected 
member of the set, and, if a respective member to 
which a call is offered is not available, to replace 
said respective member in the set by a said replace- 
ment nomination. 

***** 
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